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THIS IS UNEVALUATED INFORMATION

by the Songim Industrial Technology Research

Office, stresses the importance of refractory materials, notably
silica, sgalmatolite, and chamotte firebricks, in the development
Firebrick speci-

fications for blast furnaces » coke cvens, open-hearth furnaces,

etc., are explained.

According to the report,
of iron and steel production;

to reach a certain prescribed goal
North Korea must produce 350 metric

tons of fircbrick a day for coustruction of various types of fur-
naces, and 730 metric tons daily for replacement purposes , & total

of 1,080 metric tons daily,

Lgportance of Refractory Materials

capable of withstanding high temperatures.

try,

The production of steel and iron

involves the use of refractory materisls
To expand her steel and iron indus-

Xorea must increase the production of refractory materials.

In 1936 » refractory materials were used for the following purpomses in the
percentages indicated:

Percent
Smelting and heat treatment of steel and ironm g
Production of ships and trains i
Paper production and chemical industry 5
Production of cement, glass , and ceramics 4
Electric ar! gas industry 2
Others 8
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From the above data, it is clear how closely refractory materials are
Telated to heavy industry. It is even possible to estimate the extent of a
nation's heavy industry in terms of the quautity of refractory materials cop- s .
Sumed in that nation. Consequently, tc expand and ircresse the production of x, A
steel &nd irom, it 41g absolutely neceseary for the nation to improve the qual- ’:g.- e .
1ty and to increase the quantity of refractory materials. The 1life span of S,
blast furnaces and open-bearth furnaces is dependent upon the endurance of g
refractory materidls. If, by improving the quality of refractory materials y
the life span of blast Purnaces could be extended a year, or that of open- .
bearth furnaces & mont ; then the production of steel and iron would be, ir P i
turn, increased and expanded. 17 !

The refractory materials discussed here are firebricks which possess a ;
refractory degree higher than No 26 on the SK cone [Beger?/ scale [derined s
below/, Firebricks should: (1) not soften easily at high temperatures,

(2) change very little in volume at varying temreratures, (3) have great
resistance for sudden heat changes » (%) withstand corrosion by sleg and other
materials, and (5) be ale to stand shock, frictionm, etc,

For some uses, bricks which conduct heat well are needed; for other uses 3
bricks which conduct heat as little as possible are needed. So far, refractory
materials satisfying all the above qualifications have not been found. The
sregent practice is to choose the refractory materials according to the pur-
poss and the requirement for each particular usaoge.

Refractory materials are commonly classified according to: (1) melting
point, (2) materisl composition, (3) method of fabrication, and (4) combusti-
bility and fusibility.

Clagsification According to Melting Point

Low-grade refractory materials SK No 26-29
Ordinary refractory materials SK No 30-33
High-grade refractory materials SK No 34-h2
Superhigh-grade refractory materials SK No over 42

The SK cone scale consists of a table listing the melting
points (arranged in upvard sequence) of 59 different muterials {such as
feldspar, sodium silicate, limestone, etc.) which fuse at temperatures rang-
log from 600 to 2,000 degrees centigrade. An SK number 1s assigned to each
of these materials, The interval between melting points varies from 20 to
30 degrees-

Comparative List of Temperatures and SK Numbers

SK No Degrees C
022 600
021 650
020 670
019 690
018 710
017 730
016 750

015%s 790
0149 815
0139a 835
012%a 855
- ?_ -
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8K No Degrees C

0l15a 880
01058 900
099a 920
069 gho
07% %0
069a 980
055 1,000
0li9a 1,020
0392 1,040
025 1,060
Ol 1,080
192 1,100
29a 1,120
398 1,140
lica 1,160
29 1,180
69 1,200
1 1,230
8 1,250
2 1,280
10 1,300
11 1,320
2z 1,350
13 1,380
14 1,k10
12 143
16 1,460
17 1,480
18 1s00
19 1,520
2 1,530
2% 1,580
27 1,610
28 1,630
29 1,650
30 1,670
3L 1,690
32 1,710
3 1,730
A 1,50

35 1770 |

36 1,790 ;
31 1,825
38 1,850
39 1,880
ko 1,920
41 1%
ke 2,000

‘o The procedure for measuring refractory degree consists of the following
steps:

1. Estimate the meliing point of the material to be tested. Make &
triangular cone with the test material composed of granules of the same size
vhich will melt gt approximately the same tempersture as the SK sample cone.

2. Place both the test cone and the SK sample cone side by side in a
heating furpace. Increase the temperature at a .given spead,

-3 -
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3. The refractory degree of the test material can then be determined by
& comparison of the extent of melting of the test material with that of the
corresponding SK cone,

Classification According to the Material Composition

1. S1ilica apd <lay type refractory materisls tat combine easily with
Buch bases as limestone and magnesie at "acld" high temperatures.

2. Lipestone, magnesia, and magnesite type refractory materials that
comb‘ne easily with acids at "hasic" high temperatures.

3. Chrome, alumina, chamotte » and other special types of refractory
materiale that are difficult to combine with the above-mentioned materials
at "neutral” high temperatures.

Rate of Consumption, 1937 Percent
Chemctte and wax stone (aga.matolite) type

refractory materials 65
Silica type refractory materials 32
Chrome and magnesia type refractory materials 3

Classification According to Method of Fabrication

Refractory materials may be: (1) or rectangular or irregular shape, and
5011d or hollow, {2) either hand-pressed or machine-pressed, (3) made by a
baking or & nonbaking process, (4) of fusion mixture or nonfusion mixture.

In laying bricks, morter is used as filler. Consequently, the mortar
7’ ser must correspcud in quality and refractory degree to the brick to be
bound in any particular installation.

Refractory Materials for Blast Furnaces

Before World War II, there were only onpe 300-metric-ton and two 350-metric-
ton blast furnaces in Korea. These were located at the Hwanghae Ironworks.
Conatruction of two 500-metric-ton furnaces was started at the Ch'ongjin Iron-
works at the beginningof the war in 1941; and 48 small furnaces ranging between
15 to 30 metric tons wer. also constructed in Songim, Ch'ongjin, Iwon, Wonsan,
P'yongyang, and in Taean Ri in Ch'olwon.

The following are brick specificetions for blast furnaces:

Offtakes and Tuyeres or
Hearth Hot Water Tank Shaft Breather

Refractory degree (SK) Over No 33 Over No 32 Over No 31.5 Over No 28
Porosity (%) Under 17 Under 22 Under 20 Under 20

Residual contraction
rate after heated at
1,500° € for % br (%) Under 0.5 Under 0 5 Under 0.5 Under 0.5

Melting point of 2 k
load per sq cm (© c% Over 1,250 Over 1,250 Over 1,250 Over 1,250

Sound Metallic Metallic Metallic Metallic

-k -
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Bricks used for hearths, hot-water tanks, aud offtakes must be able to with-
stand high temperatures, corrosion of slag, and melted pig iron. For the upper
part of the shaft, bricks that contain a limited quantity of minerals or other
Bixtures may be used. In North Korea » Kembuk cley /from P'yongan Pukto/ is
used for thisg purpose. This clay makes as good a quality of brick as Pokchu
clay /produced near Ch'olwonj which 15 known 4o be the raw material best
Bulted for blast-furnace brick. )

For. hot-air furnaces, chamotte bricks that ar about the same as blast-
furnace bricks are used; but these bricks must by able to withstand the sudden
changes of temperature which are bound to occur in this type of operation,

If the per capita demand for steel amounts to 100 metric tons, the total
quantity of steel that must be produced would be 3 million metric toms Eer
year/. The production of 3 million metric tons of steel would in turn require
3,160,000 metric tons of steel ingot and 3,320,000 metric tons of pig iron.

To satisfy such a demand, it would be necessary to increase the present
plg-iron production, which is 720,000 metric tons, by an additional 2,600,000
metric tns. Thiswald require 15 nore 500-met. tc~ton blast furnaces. To build 15
new blast furnaces would require 99,000 metric tons of firebricks. When it
1s considered that the 1ife span of a blast furnace ranges from 5 to 7 years,
after which the hot-air pipes and the tuyeres must be overhauled entirely; and
that a large number of bricks are required for periodic repairs on cupola fur-
naces and on hot-air furnazes, then it becomes clear that the need for fire-
brick is very great.

Refractory Materials for Coke Ovens

Coke ovens are also made of firebrick, The usual dimensions of an oven
are 10 meters hich, 1k meters wide, and from 50 to 100 meters long. Approxi-
mately 70 percent of the fireproof materials used for coke ovensg are silica
bricks. Some agalmatolite bricks and a small quantity of chamotte bricks are
8lso usad. Silica bricks Possess stroug resistance to pressure during heating,
and conduct heat well. Siljca bricks 8lso possess & special qualification for
use in coke ovens, namely, the small residual expansicn rate.

The following are the specifications of silica bricks for coke ovens

Silicate among chemical components Over 914

Refractory degree gver SK No 31

True specifi. gravity Under Z.35

Porosity Under 27%

Size of allowance Same as standard
specification

Although the number of types of refractory bricks used 1in coke ovens is
the same as those used for blast furnaces, there is a considerable structural
difference between the two types of furnaces.

Quzntity of Bricks Reguired +o Construct a Coke Oven
W1tn A Production Capaciiy wi 10 metric Tous pes Duy (MT)

Furnace Body Checker Chember Others Total
Silica brick 68 1k ¢ 112
Agalmatolite hrick 28 2 19 4o
Chamotte brick 2 [¢] o] 2
Total 128 16 19 163
- 5 -
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If each of the 500-me*iric-ton blast furnaces consumes 103 metric toms of
coke daily, 9,400 metric tuns of coke must be produced daily to increase the
annual production of pig iron by the desired 2,600,000 metric tons. This
Would also entail the conatruction of 11 more unics of coke ovens, each unit

consisting of 85 ovens /making a total of 935 ovens/.

The amount of bricks required would be as follows

Type Cne_Oven Unit (AS ovens}
Silica brick 9,500
Agalmatolite brick L,170
Chamotte brick 170

Total 13,850

Refractory Materials for Open-Hearth Furnaces

50X1-HUM

(in MT}:
11 Oven Units
104,500

k5,870
1,870

152,2L0

Open-heerth furnaces for steel production are of two kinds  basic open-
hearth and acid open-hearth furpaces. Rotating furnaces and electric furnaces
are 2lsc used for steel. Basic open-hearth furnaces are more widely used
thap any other type. The amount of stee) produced in an open-hearth furnace
per hza* depends on the size of the furnace a smali furnace produces about
10 metric tons; & large furmace produces 130-1%7 metric tons, but some have
31 even greater capacity. In a large plant specializing in the processing
of pig iron, the 150-metric-ton tilting type i3 used mainly. This type is
approximately 27 meters long, 10 meters wide2, and 13 meters high; and is made
entirely of refractory materials. Like coke ovens, open-hearth furnaces are
constructed mainly of silica bricks, which usually comprise 55 percent of all
Kinds of refractory materials uged for this type of furnace. The average life
span of these furnaces is very short because their operation requires tempera- )
tures in excess of 1.700 degrees centigrade Most of the silica-type relrac-
tory materisls produced are used to build steelmaking furnaces.

Perzentage of Siirca Type i2tractory Materials

Used in SteeL-Produc;ng furnaces

Percent
Roofs of cpet-hearth furnaces and of electri- furnaces 85
Wells of open-nsarth ana electric furnaces and of
checker chambers 50
éoke ovens and gas furnaces 10
Glass furnaces. refractory furnaces, and heating furnaces 5

There are several Teasons why silica bricks. which are the best among
the acid refractory materials, are used In basir open-nzarth furnaces. One
reason 1s that the silica refractory materiais maintain comparatively strong
recistance against pressure. They are used for the ceilings of open-hearth
furrazes and around tpe gas orifices. They are alss used ia the checker

chambers since they are excellent heat conductors, 3!

.icz vricks for the

roofs of open-hearth furnaces and around gas orifices must be of the best_

quality. The red and white silica produced in Tamba ZKyctc anud Hyogo ken/

Japan; received world -wide recognition for its superior qualities. It zon-
tains only apbout 2 percent iron oxide, has a small residual expansion rate,
and retains viscosity at high temperatures. However, tao much reliance

should not be placed on Tamba as & source of supply -

~
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Since Koree has strongly felt the need to become self-gufficient in the
8upply of silice bricks ; research and experimentationu in recent years have made
it poseible to manufacture thew domestically by adding 3 psrcent furnsce slag’
end 2 percent lime to the silica produced at Sinch'on , Bwunghae Province.
Besides silica bricks, magnesia, and chrome bricks were slso used ftr the hearths
and furnace walls in open-hearth furnaces. Magnesia of sxcellent quality is
produced in the area of SongJin and Paegam in Hamgyong Puktoc and chr.me iron
ore with about 20 percent chrome content was discovered in the area of
Ch'ongjin. There should be no difficulty in the steel-processing operation.
Although the quantity of chamotte bricks required for top holes in steel-melt-
ing furnaces is small » 1t 18 very important tha’. high-quality bricks be used;
-otherwise, there is a danger that melted steel may leak out, or it may reduce
the temperatures of the melted steel, or it may zause the steel to stick t
the brick, or otherwise produce lovw-grade ingots. For this reason, Korea
once had to depend on importation of Japanese clay from Fukushima Prefecture.
Fow, howaver, Kores can manufacture chamotte brick domestically of equal
quality through the use of the clay produced at Saenggiryong, Hamgyong Pukto, .
and the Kambuk clay. |

Quantity of Bricks Required to Construct n 150-Matric-Ton
Tilting-Type Open-Hearth Furnace (in MT)

Chamot*e and
Agalmatolite Rgnesia and

Type Silica Bricks  Bricks Chrome Bricks Total .
Furnace body 126 34 283 k3
Orifice area 227 -- 13 24o
Checker chambers and
slag pits 1,243 she . 1,765
Flue and gas chimney 577 -- 577
Total 1,59 1,153 2% 3,045

Besides open-hearth furnaces, the preduction of steel requires pig irom
mixers, preliminary smelting furnaces, cupola furaaces, and dolomite burning
furnaces.

In Korea, facilities for steel production are much poorer than those for
pig-iron production; there are only three 50-metric-ton open-hearth furnaces
and one 250-metric-ton smelting furnmace at the liwanghae IXronworks. Other
furnaces are the Songjin high-frequency furnace and the P'yonguam Plant of
the Korean Ironworks.

Toward the end of World Wer II, construction of one additional 60-ton
open-hearth furnace was started at the Hwanghee Ironworks, and the steel
processing facillities of the Osaka Steel Plant were in the process of being
. moved to the Ch'oogjin Ironworks. At the terminaticn of the var, however,

the Japanese were forced to leave Korea, and the werk of sziting up steel
predvction vas left in the hands of the Korean paople.

- 7 -
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If our objective is set at the production of 100 metric tons of steel per
capita, 3 million-metric tons of steel ingot are necessary. To meet this pro-
duction quota, the following refractory materials are required for the furnace
construction work..

Quantities of Brick (in MT)

Pig- Iron
Open- Preliminary Holding
Hearth Smelting Firnace Foundry Magnesite
Furneces Furnaces {mixers) Furnaces Kilns Total
Capacity (MT) 150 koo 700 90 50 -
No of furnpaces 30 6 6 111 36 --
Silica brick 47,880 9,660 234 - -- 57,77k
Chamot.te
brick 4,740 966 360 819 bs0 7,335
Agaimatolite
brick 29,850 5,564 -- 825 3,000 39,639
Magnesia-
chrome brick 8,880 1,550 996 -- 351 12,177
Total 91,350 18,500 1,550 1,644 3,801 116,925

From 7 to 8 metric tons of chamotte brick are required for a 50-metric-tm
gas furnace. The consumption of refractory material during actual operation
is small as far as blast furnaces and coke ovens are concerned, but it is
quite large in steel furnaces. The bottom of an open-hearth furnace must be
repaired vith dolomite powder after every heat of steel 1is produced. The roof
of an open-hearth turnace can stand up for only 40O heats and sometimes for
even less. The orificearea can stand only about 200 loadings, because of the
concentration of high temperature in that ares and the corrosive action of
steel slag which forms a basic froth. Bricks for the checker chamber can be
used for production up to about 800 times. Quite a large quantity of brick
is consumed in ingot making since the bricks can be used only once, although
there is some difference in the consumption rate depending on whether the
molten steel is ladled from the top or tapped from the bottom of the furnace.

Consumption of Refractory Materials in Steel Production

Total Quantities Re-
Consumption per Ton quired for 3 Million

Materials Of Steel Production MI of Steel per ¥Yr
{in MF) {in MT}
Silica brick 29 87,000
Chamotte and agalmatolite brick 17 51,000
Magnasia-chrome brick 10 30,000.
Total 56 168,000
Magnesite powder (small grain) 29 114,000
Magnesia (small grain) 13 39,000
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Refr&ctog. Materials for Rolling Mills and Other Uses

Construction of a rolling mill that produces 3 million metri “ons of
T0lled steel a year would require the following refractory materials:

Materials Blooming Mill Other Mills Totel
Silica brick 15,000 .- 15,000
Chamotte and
Agalmatolite brick 31,875 35,884 57,759
Magnesia and chrome brick 1,800 938 2,738
Total 48,675 20,822 75,497

A plant which produces both pig iron and steel must have a power plant.
If the plant is to generate all of 1its own electric power by burning coal,
&pproximately 30,000 more metric tons of chamotte bricks and agalmatolite
bricks are needed. Beyond the demand already cited, foundries, cement plants,
and ceramic factories also require refractory materials; however, the amount
vsed in these industries is very small.
Conclusion

The above description gives the amount and kinds of refractory meterisls
nzeded for the comstruction and functioning of the various productive facili-
ties which are deemed necessary to increase adequately the future supply of
iron and steel in Korea. In the paragraphs that follov, the amounts of refrac-
tory materials necessary for the construction of the additional facilities
required to bring production up to the decired levels are summarized.

To build 15 blast furnaces, of 500-ton capacity each, for a total produc-
tior increase of 2,600,000 metric toms of pig iron, 99.000 metric toms of
chamotte and agalmatolite brick are needed. To build 11 coke oven units for
the totel production increase goal of 3,380,000 metric tons of coke, 104,500
metric tons of silica brick and UT7,7 ) metric tons of chamotte amd agalmatolite
brick are needed. To build 30 open-hearth furnaces, of 150-ton capacity each,
for the total production increase of 3 million metric tons of steel, 57,770
metric tons of silica brick, 46,970 metric tons of chamotte and agalmatolite
brick, and 12,180 metric tons of magnesia and chrome brick are needad. To
build an unspecified number of heating furnaces, for the total production
increase of 3 million metyric tous of rolled stesl, 15,000 metric tons of
sllica brick, 57,760 metric tons of chamotte and agalmatolite brick, and
2,740 metric toms of magnesia and chrome brick are needed.

If Korea is to attain self-sufficiency on the basis of domestic production
of steel at the rate of 100 metric tons per capita, she needs 443,660 metric
tons of refractory materials 5 and, figuring a damage rate of 2 percent, the
total amount required will be 530,000 metric tons. If she is to produce this
amount of bricks in 5 Yyears, she must produce at least 350 metric tons per day.
To this sum must be added the 160,000 metric tons of brick expended[[;nnuall
for steel production and the 100,009 metric touns of brick expended /annuall
for othar purposes; hence, wvhen provision is made for damage at the rate of
2 percent, the total replacement requiremenut becomes 220,000 metric tons.
Consequently, a daily production of 730 metric tons is necessary Eor replace-
ment alone/. Adding the necessary 350 metric tons of brick for construction,
she must produce 1,080 metric tons of refractory materials per day to main-
tain self -sufficiency in the steel and iron industry.
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Korea 'is self-gufficient in .the necessary rav materials, and brick pro -
d“c\tion‘ requires comparatively 1ittle capital. Therefore , there is no reascn
vhy Korea camnot produce enough refractory bricks to satisfy her industrial
demands for “he next 10 ysars, as well-as the next 100 wears. Moreover, as
metallurgy ievelops, more and better refractory materials may be demanded.
Since it 18 impossible to fulfill such demands quickly, it.is suggested that
the expansion of the production of fireproof materials be given priority in
the development of the Korean iron and steel industry.

-END -
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